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Abstract. DAΦNE is the electron-positron collider operating at the energy of Φ-resonance, 1 
GeV in the center of mass. The presently achieved luminosity is by about two orders of 
magnitude higher than that obtained at other colliders ever operated at this energy. Careful 
beam dynamic studies such as the vacuum chamber design with low beam coupling impedance, 
suppression of different kinds of beam instabilities, investigation of beam-beam interaction, 
optimization of the beam nonlinear motion have been the key ingredients that have helped to 
reach this impressive result. Many novel ideas in accelerator physics have been proposed 
and/or tested experimentally at DAΦNE for the first time. In this paper we discuss the 
advanced accelerator physics studies performed at DAΦNE. 
1.  Introduction 
DAΦNE is one of the seven charged particle colliders operating in the world. It is an electron-positron 
collider working at the energy of the Φ resonance (1.02 GeV c.m.) aimed at providing a high rate of K 
mesons production [1, 2].  The DAΦNE accelerator complex (see Fig 1) consists of two main rings 
and an injection system composed of a full energy linear accelerator, a damping/accumulator ring and 
transfer lines. The presently achieved peak luminosity of 4.5x1032 cm-2s-1 is by about two orders of 
magnitude higher than that obtained at other colliders ever operated at the same energy.  
 
                    
Figure 1. DAΦNE accelerator complex. 
Careful beam dynamic studies such as vacuum chamber design with low beam coupling impedance, 
suppression of different kinds of beam instabilities, investigation of beam-beam interaction, 
optimization of the beam nonlinear motion have been the key ingredients that have helped to reach this 
impressive result. Many novel ideas in accelerator physics have been proposed and/or tested 
experimentally at DAΦNE for the first time. These are suppression of parasitic beam interactions with 
  
 
 
 
 
current-carrying wires [3], beam collisions with negative momentum compaction factor [4], electron 
cloud mitigation with dedicated electrodes [5], wigglers with “wiggling” poles [6], strong RF focusing 
proposal [7] and others. Besides, the innovative concept of nonlinear focusing of colliding bunches, 
called Crab Waist (CW) collision scheme, has been proposed at LNF INFN [8, 9] and successfully 
tested at DAΦNE in operational conditions providing luminosity for two different experimental 
detectors, SIDDHARTA [10] and KLOE-2 [11]. Considering high efficiency of the scheme for 
increasing collision luminosity and its relative simplicity for implementation several new collider 
projects have been proposed and are under development at present.  These are the SuperKEKB B-
factory already under commissioning in Japan [12], the SuperC-Tau factory proposed in Novosibirsk 
and entered in the short list of Russian mega-science projects [13], the new 100-km electron-positron 
Future Circular Collider (FCC-ee) under design study at CERN [14], the Higgs Factory CEPC in 
China [15] and some others. 
In this paper we give a brief overview of some most relevant advanced accelerator physics studies 
performed at DAΦNE  
2.  Low impedance vacuum chamber 
Since the very beginning of the DAΦNE project beam instabilities were recognized as one of the most 
harmful potential dangers for collider performance. For this reason the vacuum chamber was designed 
taking much care of its beam coupling impedance [16], both broad-band [17] and narrow-band.  
New designs and novel ideas were adopted for almost all principal vacuum chamber components: RF 
cavities [18, 19], shielded bellows [20], longitudinal feedback kickers [21], BPMs [22], DC current 
monitors, injection kickers, transverse feedback kickers and others [23]. For example, the longitudinal 
feedback kickers based on the DAΦNE kicker design are routinely used in most high intensity lepton 
colliders and synchrotron radiation sources. 
During the years of collider operation the vacuum chamber has been modified several times with the 
goal of a further impedance reduction. For example, during the collider shutdown for the 
SIDDHARTA experiment installation the vacuum chamber was substantially revamped [24]: two new 
low impedance interaction regions were designed and installed, the new fast injection kickers were 
implemented, the old bellows were substituted by the new ones, having Ω-shape RF sliding contacts. 
In addition, ion clearing electrodes that were no longer in use, have been removed from the electron 
ring [25]. At present the measured longitudinal broadband impedance is 0.45 Ω for the electron ring 
and 0.36 Ω for the positron one [24] to be compared with 13.6Ω of the EPA [26], the former CERN 
electron-positron accumulator ring with similar circumference and beam energy. 
3.  Collisions with negative momentum compaction factor 
Since there are several potential advantages for beam dynamics and luminosity performance of a 
collider with a negative momentum compaction factor αc [27] it was suggested to perform a dedicated 
machine experiment at DAΦΝΕ with αc< 0. The principal results achieved during the experiment were 
following [4]:  
• The DAΦNE lattice is shown to be very flexible and the machine optics model is proven to be 
reliable in providing stable collider operation with the momentum compaction factors varying in 
the range from -0.036 to +0.034. 
• With the negative αc bunches in both rings are shortened by wake fields till the microwave 
instability threshold as predicted by numerical simulations. Figure 2 shows the positron bunch 
length (left plots) for the positive (green dots) and negative alfa (blue dots) and respective charge 
distribution at different bunch intensities for αc< 0 (right plot). 
• It was possible to store high bunch currents with the large negative chromaticities. No hard limit 
has been observed in the multibuch operations. About 1 A stable beam currents were stored in both 
rings. 
  
 
 
 
 
• At beam currents up to 300 mA per beam a good specific luminosity was obtained in beam-beam 
collisions. 
However, the microwave instability threshold is found to be somewhat lower with αc< 0. Since the 
experiment was performed before the extraction of the ion clearing electrodes [25] giving dominant 
contribution into the beam coupling impedance, the high current collisions were prevented by the 
microwave instability in the electron ring at that time. 
 
Figure 2 Bunch length (left) and charge distribution (right) for different bunch currents                                      
in the DAΦNE positron ring as measured by the streak camera (courtesy A. Stella) 
4.  Parasitic crossing compensation with wires 
Long-range beam-beam interactions (parasitic crossings) were one of the sources of luminosity 
degradation in the DAΦNE original configuration before the collider upgrade for crab waist collisions. 
Due to drastic lifetime reduction the parasitic crossings put a limit on the maximum storable currents 
and, as a consequence, on the achievable peak and integrated luminosity. In order to mitigate this 
problem, numerical and experimental studies of the parasitic crossings compensation by current-
carrying wires, the technique originally proposed at CERN [28], have been done [3, 29]. During the 
operation for the KLOE experiment two such wires were installed at both ends of the interaction 
region, outside the vacuum chamber. The application of the compensating wires resulted in a two fold 
improvement of the beam-beam induced losses for identical beam parameters, in agreement with 
numerical simulations [30]. 
5.  e-Cloud clearing electrodes 
The maximum electron beam current stored in DAΦNE was 2.5 A, i.e. the record value for the 
electron beam current ever stored in the modern colliders and synchrotron light sources. However, due 
to the electron cloud effect [31] we have not been able to exceed 1.4 A in the positron ring. In addition 
to this current limitation we have been suffering from other harmful e-cloud effects affecting the 
collider luminosity performance such as anomalous pressure rise, vertical beam size increase, tune 
spread along the bunch train etc. [32]. 
In order to cope with the strong e-cloud instabilities powerful bunch-by-bunch feedback systems have 
been used [33]. In addition, solenoids were installed in order to prevent the e-cloud build-up in the 
straight sections. However, these measures have not solved completely the problems created by the e-
cloud. In particular, the strong horizontal instability still remains the worst trouble for us. Numerical 
simulations and experimental observations have shown that this kind of instability is triggered by the 
e-cloud pattern created in the wiggler and dipole magnets [34]. So it has been decided to insert special 
metallic electrodes [35] to suppress the e-cloud in the dipoles and the wigglers [36] 
According to the dedicated numerical simulations application of the DC voltage of 200-500 V at the 
electrodes should decrease the electron cloud density by about 2 orders of magnitude. Indeed, the 
electrodes are found to be very useful to reduce the strength of the positron beam horizontal 
instability; to decrease the betatron tune shift and tune spread inside bunch trains; to suppress the 
  
 
 
 
 
vertical beam size blow-up of the positron beam [5]. As an example, Fig. 3 shows the betatron tune 
shift and spread reduction with the clearing electrodes switched on. 
 
 
 
Figure 3 The horizontal betatron tune along the bunch train with the clearing electrodes off (red stars) 
and on (blue circles) as measured by the transverse feedback system (courtesy A.Drago). 
 
   As a result, with the electrodes switched on it is possible to store higher positron beam current, to 
achieve higher luminosity and to have more stable overall collider performance. 
6.  Strong RF focusing 
The longitudinal strong RF focusing is an alternative way to obtain short bunches at the interaction 
point (IP) [37]. It consists in realizing a magnetic lattice with a large momentum compaction factor 
together with a strong RF gradient. In this regime the bunch length is no longer constant, but it is 
modulated along the ring and can be minimized at the IP. In turn, if the main impedance generating 
elements of the ring are located where the bunch remains long, it is possible to minimize the strength 
of wake fields. This helps to avoid microwave instabilities and excessive bunch lengthening due to the 
potential well distortion [7]. The strong RF focusing concept was proposed as one of the possible 
options for the DAΦNE upgrade [38]. 
7.  Crab waist collision scheme 
Contrary to the conventional strategies aimed at the luminosity increase, the crab waist collision 
scheme requires small emittance, large Piwinski angle and larger crossing angle; there is no need to 
decrease the bunch length and push beam currents beyond the values already achieved in the present 
factories. This scheme can greatly enhance the luminosity of a collider since it combines several 
potentially advantageous ideas: collisions with a large Piwinski angle, micro-beta insertions and 
suppression of beam-beam resonances using the dedicated (“crab waist”) sextupoles [39]. For details 
of beam dynamics in crab waist collision see [9, 40, 41], for example. 
The crab waist collision scheme has been successfully tested at the electron-positron collider Φ-
factory DAΦNE providing luminosity increase by a factor of 3 for SIDDHARTA experiment [10], in 
a good agreement with numerical simulations [42]. The simulations have been also very helpful to 
improve the luminosity and background for the KLOE-2 experiment exploiting the crab waist scheme 
[43]. Figure 4 demonstrates the effect of the crab sextupoles on the beam-beam blow up and the 
distribution tails in DAΦNE. The advantages of the crab waist collision scheme have triggered several 
collider projects exploiting its potential. 
  
 
 
 
 
 
 
Figure 4. Transverse beam profiles with crab sextupoles off (left) and on (right)                                    
as measured by the synchrotron light monitor (courtesy A.Stella) 
8.  Conclusions 
After almost 20 years of running DAΦNE is still on track providing high luminosity for physics 
detectors and performing world-class accelerator experiments. In the future DAΦNE can serve as a 
test accelerator for new collider projects. 
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